Objective: to examine a 16-year trend in cognitive impairment (CI) incidence and associated factors among older Chinese people. Subjects: aged 60 and above whose cognitive function were normal at their first test. Methods: a secondary analysis that identified subjects from the database of Chinese Longitudinal Healthy Longevity Survey (CLHLS). The database contained mixed longitudinal cohorts of older Chinese people surveyed in 1998, 2000, 2002, 2005, 2008-09, 2011-12 and 2014. The cognitive function of subjects was tested using the Chinese Mini-Mental State Examination (CMMSE) in each wave. The unique individual code identified a mixed cohort of 17,896 subjects who had multiple CMMSE measures over a 16-year period and available covariates for the analysis. CI was defined as the CMMSE score below 18 points. Crude and age-standardised incidence of CI by gender were calculated by year of survey. Risk factor adjusted time trends in the incidence were examined using multilevel regression models. Results: age-standardised CI incidence decreased from 58.77‰ to 10.09‰ (P < 0.001) from 1998 to 2014, and this decrease remained after adjusting for covariates. About 15.8% in the observed decline was explained by higher education, and 7.9% was due to health practice (regular exercise, physical activity and cognitive activity), beyond age and gender effects. Conclusion: the CI incidence among older Chinese people decreased from 1998 to 2014. Lower education level and less frequent health practices mentioned above were important risk factors in CI prevention.
Introduction
As is well known, increasing age is one major risk factor of the occurrence of dementia and cognitive impairment (CI) [1] . As a result of an aging global population, the number of people worldwide with dementia was 46.8 million in 2015 and is expected to double every 20 years and arrive at 131.5 million by 2050, as projected by Alzheimer's Disease International in 2015 [2] .
CI is characterised by declines in memory, attention and cognitive function, and is a transition status between normal aging and dementia. CI includes loss of higher reasoning, forgetfulness, learning disabilities, concentration difficulties, decreased intelligence and other reductions in mental functions. CI ranges from mild to severe, and many diseases could cause CI, such as Parkinson's disease, Lewy Body disease, Corticobasal syndrome, Huntington disease, depression, etc. [3] . The conversion rate from mild CI to Alzheimer's disease is 10-15% per year [4] . Because dementia has no curable therapy and poses a heavy burden on caregivers and health care systems [5] , secondary prevention to high risk populations can improve cognitive function and retard CI progression to dementia. Longitudinal analysis of time trends of CI incidence and associated factors is of great importance to projection of dementia prevalence and implications for prevention and intervention of dementia [6] .
Although dementia incidence has been expected to increase over time with aging populations [7] , there has been a growing number of studies reporting decreases in dementia and CI in European countries and the US in recent years [8] [9] [10] [11] [12] [13] . According to these studies, higher education and better control of vascular factors have been the major contributors to the decline [11] . Meanwhile, in Asian countries related studies have not confirmed the direction of time trends [6] .
China is one of the world's fastest aging countries, with 88.3 million people aged 65+ years in 2000 and a projected increase to over 300 million by 2050 [14] . In past decades, China has experienced rapid economic growth and social change, but relatively slower medical development. Given the knowledge that socio-environmental changes are associated with CI rates [15] , it is reasonable to assume that the changing conditions in China may greatly impact the occurrence of CI and lead to varied incidence of the condition.
There have been no reports on the time trends of the condition based on national samples over a long period of time. This study aims to examine the time trends of CI incidence over the last 16 years using the Chinese Longitudinal Healthy Longevity Survey (CLHLS), a national mixed longitudinal cohort of the eolder population (aged 60+ years old) in China.
Methods

Data source
CLHLS is a collaborative project between Duke University and Peking University. It is one of the largest national efforts for investigation of health and relative factors among the old Chinese [16] . CLHLS began in 1998 and data collection continued in 2000, 2002, 2005, 2008-09, 2011-12, 2014 , with about a 90% response rate for each wave. The investigation was conducted randomly in about half of the cities/counties in 22 of 31 Chinese provinces, which contain 985 million persons, about 85% of the national population.
Due to the mixed longitudinal design of CLHLS, about one-third of subjects from each wave were subjects from the previous wave, and the rest were new recruits. In order to ensure consistence of the sample and reduce selection bias in different waves, recruits were selected based similarities in gender, age and general characteristics with those who were lost during follow-up. More details of the CLHLS sample structure can be found in Appendix 1 and elsewhere [16] .
All information was obtained in the homes of participants through face-to-face questionnaire interviews and physical health examination by trained investigators. The data quality of CLHLS has been reported as satisfactory by previous studies [16, 17] .
Our study sample consisted of people aged 60-105 years. We excluded those who reported blindness, deafness or depression.
Measurement of CI
Cognitive function of participants was measured using the Chinese version of the Mini-Mental State Examination (CMMSE) in all waves of the CLHLS. The CMMSE consists of 24 items within 6 dimensions: 5 items for Orientation, 3 for Registration, 1 for Naming, 5 for Attention and Calculation, 3 for Recall and 7 for Language. The total score of the CMMSE ranges from 0 to 30 points; higher scores indicate better cognitive levels. The CMMSE has been validated in pilot surveys and thought to be comparable to other version of the MMSE [17] . 'Cognitive impairment' (or 'moderate-severe cognitive impairment') was defined as a CMMSE score below 18 points as previously validated [18] .
Explanatory variables
Following previous studies [16, 17] , we included explanatory variable groups derived from the CLHLS in this study such as wave indicators, demographics, socioeconomic and network of individuals, health practice and health conditions variables. Name, coding and definition of each variable can be seen in Appendix 2.
All changeable variables (marital status, frequency of vegetable consumption, exercise, physical activities, cognitive activities, stroke and activities of daily living (ADL) [19] disability) were taken from the previous wave prior to the year when the condition of CI of a participant was observed. Others were collected in the terminated wave.
Missing data and structure of study sample
We pooled data from all waves to obtain 74,204 observations from 39,106 respondents. Of all observations, 50% had validated CMMSE results, 49% had partial items missing and 1% had all items missing. We excluded observations with all CMMSE items missing and performed multiple imputation [20] of five for those with partial items missing. Sensitivity analyses for comparison of imputed and completed datasets indicated similar results.
We included participants who were free of CI (CMMSE score above 18) in their first waves and were followed up in subsequent waves to decide CI status. We identified 17,896 individuals who had CMMSE results from two to seven waves. Appendix 3 shows the structure of the incidence sample.
An onset of CI was defined once the CMMSE score of a participant fell below the cut point in a later wave, and the observation was terminated. If the CI score remained above 18, observation continued to the participant's last possible wave.
Statistical analyses
The crude incidence of CI at the survey time t is defined as below:
=
Incidence number of people newly observeded with CI total person years at risk
The 'person years at risk' is the period from the first CMMSE negative to the year when the subsequent test turned into positive, i.e. the period of first onset of CI.
Age-standardised incidence of CI was calculated using pooled data from waves 2000 to 2014 as the standard population. The crude and age-standardised incidence of CI were tested using the F test of linear regression to present the time trend from 2000 to 2014. The data has a twolevel structure: individuals (level 1) nested within provinces (level 2). We used two-level Poisson regression models [21] to estimate the time trends of CI incidence, relative risk (RR) with its 95% confidence interval (95% CI) after adjustment for covariates to present associates.
All descriptive and inference statistical analyses were performed by IBM SPSS Statistics 20.0 for Windows (IBM, SPSS Inc., Chicago, IL). The multilevel Poisson regression modelling analyses were performed by MLwiN 2.26.
Results
Characteristics of study samples
The characteristics in incidence sample at their last time point of observation were significantly different between waves (Appendix 4). This suggested heterogeneity in the samples from different waves and the need to adjust for characteristics in the pooled analysis for time trends.
Crude and age-standardised incidence of CI (per 1,000 person-years) from 2000 to 2014
The total crude incidence of CI was 87.67‰ in 2000 down to 6.86‰ in 2014, from 61.22‰ to 4.36‰ for male, and from 107.91‰ to 9.41‰ for female (Table 1) . This decline over time was significant (P < 0.05) for both sexes and the total sample.
The total age-standardised incidence of CI was 58.77‰ in 2000 and 10.09‰ in 2014, from 40.00‰ to 5.87‰ for male, and from 75.87‰ to 14.23‰ for female (Table 1) . This decline over time was still significant (P < 0.05) for both sexes and total standardised sample.
Adjusted time trend in CI incidence
The two-level Poisson regression analysis further confirms that male gender, younger age, higher education, urban residence, married status, more exercise, more physical or cognitive activities, no previous strokes, better visual or hearing function and no ADL disability are all associated with significantly lower incidence of CI (Table 2 ).
In contrast to the incidence of 2000, the unadjusted incidence of CI by the time effects declined almost linearly from 2002 to 2014, as shown in Model 1. With adjusting for demographics (Model 2), education (Model 3), socioeconomic and network variables (Model 4), the declining trend remained.
Following further adjustment for health practice variables (Model 5), the incidence in the time effect still declined from 2005 to 2014. However, this decreased trend was slightly weakened. Finally, after adjusting for health conditions in addition to the other four blocks of variables, Model 6 shows that, contrasting to wave 2000, waves 2002 to 2014 still declined with significance by 15%, 43%, 53%, 57% and 86% separately. Further analysis on the interaction between the decline trends of continues time and higher education and health practice variables indicated that the two groups of variables explained the decline rate by 15.8% and 7.9%, respectively, after taking into account age and gender effects.
In comparison to the crude and age-standardised time trends shown in Figure 1 
Discussion
To our knowledge, this is the first study to use a mixed longitudinal dataset to examine the trends over time of CI incidence for the last 16 years in China. The main finding pointed to a declining trend of CI incidence among older Chinese people.
According to the epidemiological transitions theory [22] , a synthetic review [6] projects that the occurrence of dementia and CI in East Asia will increase in the coming decades with 'Stage B: extended life expectancy but unhealthy ageing'. However, there is currently no evidence to prove such a hypothesis. The declining incidence trend found in this study, similar to the findings in some European countries and the US [8] [9] [10] [11] [12] [13] , appears to reflect the 'Stage C: extended life expectancy and healthy ageing' [6] .
The decline of CI incidence might be a reflection of the 'compression of cognitive morbidity' theory [23] , which means that where CI was postponed and compressed into a shorter span before death, there could be fewer people reaching the threshold of CI, and CI incidence will decrease; someone suffering from CI would decrease to death more rapidly at a younger age than survivors [24] .
This hypothesis was somewhat supported by a mortality analysis between participants with and without the occurrence of CI in the datasets. The result suggested that all participants in more recent waves tend to suffer from less mortality than earlier waves, while as within the CI population, the risk of death was greater in recent waves than earlier waves.
The risk factors of cognitive function identified in this study, such as female gender, old age, low education level, rural residence, not married, lack of exercise, lack of physical and cognitive physical activities, suffering from stroke, vision and hearing impairment and ADL disability are also supported by the previous review [1] .
One synthetic analysis in America [11] suggested that higher education level and better treatment of vascular disease were the key factors in the declining trend. Higher education of older people explained 40% of the observed decline in the prevalence of dementia in one study, played a protective role in the brain's cognitive function and hence delayed the damage of cognitive decline with aging. In addition, the improvement of education level can also indirectly change the profession type, drive high income, improve social status, improve health awareness, develop health behaviours and increase the opportunity of getting better medical treatment, all of which can ensure a good living environment and healthy lifestyle that enable resistance to dementia and CI [25] . The improvement of vascular disease and RR factors was widely considered as a preventive factor of dementia and CI [11] . The decline of vascular disease rate leads to a decline of post-stroke CI; better prevention and treatment of vascular risk factors can delay CI.
In our study, the higher levels of education of older people in the last few years confirmed the 'cognitive reserve' theory, but explained less than 40% of the decline, which could be due to the fact that the CMMSE in the CLHLS weakened the impact of education. In contrast, the proportion of strokes was higher in 2014 than in previous waves, which means that the increased stroke rate did not contribute to the decline of CI incidence. But researchers cannot simply deny the role of vascular risk factors in the trends of CI in China using the increase of stroke prevalence. More analysis and evidence are needed to test the trends of other vascular diseases' prevalence and the change of treatment in China.
It is well known that individual experiences early in life can influence health and well-being in late life periods. It is necessary to connect the societal changes, economic developments and improvement of medical levels to CI trends. The political system and sophisticated culture in China are much different from that of other developed countries, and it is possible that the key factors of decline may not be the same as those found in western countries, such as the increased stroke rate and decreased CI incidence co-present in our case. The people in our analysis were born before 1951. They endured the Great Famine, which led to malnutrition. During the Cultural Revolution, they received limited education. The dramatic increase of economic development in recent years brought western lifestyles, such as changes of diet, increased smoking and drinking. With the elimination of infectious disease and improvement of medi-care levels, more non-communicable diseases have been considered main health threats [6] . Furthermore, awareness of disease and better prevention and control interventions in recent years have affected the trends of CI in the opposite direction [26] . Notably, the restricted permanent residence registration system [27] causes most people living their life in one place [28] . In addition, social activity was reported as a protective factor in a systematic review [29] . Older people in China have active social activities and communication, including street dancing and group exercises that can been easily spotted in street corners and parks in most Chinese cities, and playing poker or Mahjong for many other retirees on a daily basis, although there have not been enough vigorous evaluation studies in China on health benefits of such regular physical activity among the older adults [30] . All those factors could contribute to the findings of our study. Our study has following strengths. First, the CLHLS is a longitudinal cohort covering 23 provinces of China for a period of 16 years. The large sample ensures a wide range of age and education groups. Second, the same survey design and criteria in each wave from 1998 to 2014 lays the foundation for comparison. This structure minimises the bias caused by inconsistency of diagnosis. Third, most previous studies were of cross-sectional design [31] , and few studies examined the trends of CI incidence, despite the fact that incidence from cohort data can reflect clearer epidemiological and risk change of CI. The long follow-up period makes it possible to analyse the time trends of incidence of CI. Finally, we used multilevel generalised linear models that can deal with the clustering issues in the repeated measurements data to perform trend analysis and achieve the most unbiased and effective statistical results.
Our study also has limitations. First, the CLHLS does not possess data from eight provinces in remote western China (Guizhou, Yunnan, Xizang, Gansu, Qinghai, Ningxia, Xinjiang, Inner Mongolia), hence it is not entirely representative of the nation, and the crude incidence may be underestimated. Second, survival bias may exist, because the CLHLS focuses on the long-lived [17] , and the survey may exclude people who did not live long lives, so a healthy sample could be presented, resulting in an underestimated incidence. Third, as a community-based investigation, the CLHLS did not cover institutional population, which could result in an underestimated incidence as well. However, the documented trend should not be affected by these data limitation. Fourth, the items on chronic diseases were collected by self-report; recall bias and measurement bias caused by changing diagnosis criteria are likely existent, although prevalence of self-reported chronic diseases in the CLHLS cohort is comparable to that of a national survey over the same period [17] . Fifth, midlife factors known to affect late life health were not available from the CLHLS cohort, so we could not further test our assumptions on possible mechanisms in the declining trends in CI among older Chinese people. Last, CI may be a condition caused by dementia, but also by some reversible disorders, though we strictly excluded probable depression and anxiety disorders. However, the time trend of the condition is unlikely to be affected by some clinical issues of the measure, which was the same over time.
The results of our study can be referenced in intervention policy planning and prevention. Modifiable risk factors could account for a quarter to one-third of the occurrence of CI [32] . We have further confirmed that higher education, regular exercise, physical and cognitive activities are the key protective and modifiable factors of CI among older Chinese people. Further transfer of such knowledge into early diagnosis and intervention might build resilience to later life dementia and delay onset of the condition.
Key points
• We calculated the incidence rate of CI (cognitive impairment) based on mixed longitudinal cohorts.
• We demonstrated a consistent linear declining trend of CI incidence from 2000 to 2014 in older Chinese people.
• We confirmed that higher education and frequent health practice variables explained 15.8% and 7.9% of the CI incidence decline, respectively, in addition to the effects of age and gender.
• The compression of cognitive morbidity theory might be applicable in older Chinese people, and further research is needed to uncover further evidence.
Supplementary data
Supplementary data are available at Age and Ageing online.
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